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DEPARTMENT OF THE AR M Y
PHILADELPHIA DISTRICT . CORPS OF ENGINEERS

IN RCPt .Y .(?IN TO

NAPEN-D 06 JUN 1978

Honorable Brendan T. Byrne
Governor of New Jersey
Trenton, NJ 08621

Dear Governor Byrne:

Inclosed is the Phase I Inspection Report for Pompton Lakes Dam in
F~ssaic County, New Jersey which has been prepared under authorization
of the Darn Inspection Act, Public Law 92-367.

A brief assessment of the dam ’s condition is given on pages 1, 2., and 2a
of the report. This assessment indicates that definite conclusions as to
safety of the dam cannot be reached until a more detailed investigation
is made. A complete visual inspection of the concrete structure was not
made due to inability to stop the flow of water over the spillway and
the lack of existing engineering data relative to the dam ’s design, con-
struction and operation. Lack of existing data also prevented determina-
tion of the structure ’s stability and operational adequacy. In order to
provide a more complete analysis , it is recommended that ‘within one year
from the approval date of this report , the owner obtain an engineering
investigation to include the following as a minimun :

a. Detailed inspection of the concrete structure with the pool
lowered. Drilling and sampling of the concrete dam if considered neces-
sary as a result of this inspection.

b. Drilling and sampling at the abutments and rock ledge in the
stream to provide for a more complete stability analysis .

c. More detailed structural and hydraulic analysis of the dam,
including the safety of the abutment areas during high water stages which
result in overtopping these areas.

d. Determine the extent of the reported deep scour hole 150 feet
downstream of the dam, and its possible effects on the structure. Also

— periodic surveys and monitoring of this scour hole to insure that it
poses no threat in the future.
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NA.PEN.-D
Honorable Brendan T. Byrne

e. Provisions for protecting the Route 202 highway embankment located
at the east end of the dam. Further erosion of this embankment, especially
during periods of high flows , could endanger the roadway and the public
using it.

f. Improving the drawdown facilities so the pool can be lowered during
emergencies, or for inspection or remedial work.

Two copies of the. report are being furnished to Mr. Dirk C. Hofman ,
New Jersey Department of Environmental Protection, the designated State
Office contact for this program. Within five days of the date of this
letter, a copy will also be sent to Congressman Robert A. Roe of the
Eighth District. Under the provisions of the Freedom of Information Act,
the inspection report will be subject to release by this office, upon
request, thirty days after the date of this letter.

An important aspect of the Dam Safety Program will be the implementation
of the recommendations made as a result of the inspection. We accord-
ingly request that we be advised of proposed actions taken by the State
to implement our recommendations.

Sincerely yours,

1 m d  /4~~~~~~~~ARRY~~~~�HYS 4 ~%~~~As stated Colonel, Corps of Engineers
District Engineer

- Cy Furn : w/incl (dupe)
Mr. Dirk C. Hofman
N.J. Dept. of Environmental Protection
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PHASE 1 REPORT
NATIONAL DAN SAFETY PROGRAM

Name of Dam Pompton Lakes Darn

State Located New Jersey
County Located Passaic County
Stream Ramapo River
Date of Inspection January 6, 1978

ASSESSMENT OF
GENERAL CONDITIONS

The Pompton Lakes darn is a concrete overflow spil].way for its
entire length. A complete examination of the structure could
not be made at the time of the inspection since four to six
inches of water was flowing over the spiliway.

The geometric shape of the spillway does not conform to
present standards to insure proper hydraulic performance and
structural stability. The shape of the spiliway crest is
narrow and the downstream slope is very steep. The resulting
geometry is such that negative pressures could occur on the
downstream face of the spiliway when the reservoir water
surface elevation is more than 1.3 ft. above the spillway
crest. A stability analysis of the spiliway reveals tension
in the upstream face of the structure under normal loading
(full reservoir). However, in plan view, the dam is curved
in a modified arch shape between abutments and is suppor ted
at midstream by a massive basalt rock outcrop; both of these
conditions improve the stability of the spillway. Factors of
safety against overturning and sliding, including shear, are
as follows (not including the effect of dam curvature or
negative pressures on the downstream face):

(
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Condition Factors of Safety
Overturning Sliding

Normal Pool
(Reservoir at spillway crest) 1.14 5.23

Normal Pool & .05 g earthquake load 1.06 4.66

Normal Pool & 5 KSF ice load 0.93 4.57

Probable Maximum Flood (PMF) 0.78 5.38

The present drawdown facilitie s are inadequate to provi de a
reliable means of lowering the reservoir level.
Consideration shoul d be given to improving drawdown
facilities.

During the inspection , sloughing of the Route 202 highway
embankment was observed at the east end of the spiliway.
Consideration should be given to the construction of a wall
at this location to protect the highway and the spi llway. It
was also reported that an 18 foo t deep scour hole exis ts in
the stream channel downstream of the dam. This scour hole
could not be examined during the field inspection due to the
flow in the river. The location of this scour hole should be
determined by a field survey and monitored periodically to
determine if it affects the dam foundation.

A Phase I Investigation , in this case, cannot support
conclusive findings due to:

1. Lack of complete data.
2. High water at the time of the inspection.
3. Evidence that observed defects and deficiencies may

go deeper than a visual inspection reveals.
4. The need for mor e detaile d structural and hydraulic

analyses to determine the integrity of the dam
during high flows. 

-
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In view of these factors, further inves tigations as outlin ed
in the National Program of Inspection of Dams, Volume I,
Appendix D, Chapter 4, paragraph 4.4, are recommended.

Definite conclusions regarding the safety of the Pompton
Lakes Dam cannot be reached until a more detailed
investigation is made.

A complete visual inspection of the concrete structure c~~zl~ .n~ot be made due to
inability to stop flow of water over the spillway and the 3~.ck of exi~t~ng engi-
neering data relative to the dam ’s design, construction and- ~~~~~~~~~ Lack of
existing data also prevented determination of the dam’s stability and operational
adequacy. In order to provide a more complete analysis, it is recommended that,
within one year from the approval date of this report, the owner obtain an engi-

- neering investigation of the structure to include the following as a minimum:

a. Detailed inspection of the concrete structure with the pool lowered.
Drilling and sampling of the concrete dam if considered necessary as a result of
this inspection.

b. Drilling and sampling at the abutments and rock ledge in the stream to
provide for a more complete stability analysis.

c. More detailed structural and hydraulic analysis of the dam including the
safety of the abutment areas during high water stages which result in overtopping
these areas. -

d. Determine the extent of the reported deep scour hole 150 feet downstream
of the dam and its possible effects on the structure. Also periodic surveys and
monitoring of this scour hole to insure it poses no threat in the future.

e. Provisions for protecting the Route 202 highway embankment located at
the east end of the dam. Further erosion of this embankment, especially during
periods of high flows , could endanger the roadway and the public using it.

f. Improving the drawdown facilties so the dam’s pool can be lowered during
an emergency or for inspection or remedial work .

APPROVED 
______________

District gineer
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PHASE I INSPECTION REPORT
NATIONAL DAN SAFETY PROGRAM

NAME OF DAN POMPTON LAKE DAN ID It 00249

SECTION 1 - PROJECT INFORMATION

1.1 GENERAL

a. Authority . This report is authorized by the Dam
Inspection Act, Public Law 92-367, and has been prepared in
accordance with contract * DACW61-78-C-0052 between O’Brien
and Gere Engineers, Justin and Courtney Division, and the
United States Army Corps of Engineers, Philadelphia District.

b. Purpose of Inspection. The purpose of this
inspection is to evaluate the structural and hydraulic
condition of the Pompton Lakes Darn and appurtenant
structures, and to determine if the dam consistutes a hazard
to human life or property.

1.2 DESCRIPTION OF PROJECT

a. Description of Dam and Appurtenances. The darn at
Pompton Lakes is principally a concrete gravity spiliway
structure. The spiliway section is approximately 290 feet
long , with a maximum height of 30 feet and is shaped by
compound circular curves to create an ogee section. On the
east end, the spiliway is tied into the rock outcrop, and is
now covered by the embankment of U.S. Route 202. The west end
of the spillway is tied into a wing wall of a pump station
intake.

The intake to the pump station consis ts of a concre te
headwall with two 72” gated openings leading to a forebay, a
screen chamber, and a 78” pump suction line. The pump
station is located 200 feet downstream of the wing wall. A
30” diameter gated opening is located in the forebay, 9 feet
below the crest of the darn. This opening is the only means of
drawing down the reservoir without going through the pump
station. Refer to Figure 1 through 3.

b. Location. Pompton Lakes Dam is located on the
Ramapo River about 1.5 miles upstream of its confluence with
the Pompton River. The drainage area of 160 square miles is
about 35 miles long and an average of 4.5 miles wide, and is

S 

located in the States of New York and New Jersey (see Figure
4 ) .

c. Size Classification. The maximum height of the dam
is 30 feet. The reservoir volume to the spiliway crest is
about 2000 acre feet. Therefore, the dam is in the

3
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intermediate size category as defined by the
Recommended Guidelines for Safety Inspection of Dams.

d. Hazard Classification. Due to population
concentration s downs tream, several thousand people’s lives
would be endangered in the event of failure of the dam.
Therefore , the dam is in the high hazard category as defined
by the Recommended Guidelines for Safety Inspection of Dams.

e. Ownership. The darn is owned by the North Jersey
District Water Supply Commission of the State of New Jersey,
Wanaque, New Jersey.

f. Purpose of Dam. The dam is used to store water for
pumping into the Wanaque Reservoir , located 4 mil es north of
the darn and 100 feet higher. A secondary purpose of the
reservOir is recreation.

g. Design and Construction History. The present
structure was built in 1908 to replace a wooden crib
structure which was washed out by a flood in October of 1903.
Approximately 50 tons of steel rods are said to have been
used to reinforce the spiliway. The wing wall and intake to
the pump station were rebuilt in the 1950’s. New sluice
gates and trash racks were installed at that time.

h. Normal Operational Procedures. Under normal
condi tions , the water surface elevation of the reservoir is
at or above the spiliway crest. A minimum discharge of 40
million gallons per day (mgd) is required by the State of New
Jersey to be maintained in the downstream channel, when
inflow to the reservoir equals or exceeds this amount.

The outlet facilities consist of a 30” pipe in the
forebay and a 78” pipe leading to the pump station. The
capacity of the 30” pipe , with the reservoir water surface at
the spil iway cres t, is about 60 cubic feet per second (cfs).
The capacity of the pump station is 150 cfs (100 mgd). The
fifty—six year mean river discharge is 300 cfs. Therefore,
the reservoir can be drawn down only during extended periods
of low flow with the exis ting outlet faci lities .

1.3 PERTINENT DATA -

a. Drainage Area. The drainage area of the Pompton
Lakes Reservoir is 160 square miles.

b. Discharge at Damsite. The maximum known flow at
the damsite was 12,300 cfs. The spillway capacity is about
13,000 cfs with the reservoir water surface at the elevation
of U.S. Route 202 at the dam.

4
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(

c. Elevation (ft. above MSL).
Top of dam - 202.1
Maximum pool - design discharge - 212.0 (PMF)
Recreation pool - 202.1
Streambed at centerline of dam - 170.6
Maximum tailwater - 196.0 (PMF)

d. Reservoir (miles).
Length of Maximum Pool - 4.36
Length of Recreation Pool - 1.61

e. Storage (acre-feet)
Recreation pool - 2000
Design surcharge - 3650 (PMF)
Top of dam - 2000

f. Reservoir Surface (acres)
Top of darn - 210
Maximum pool - 400 (PMF)
Recreation pool - 210
Spiliway crest - 210

g. Dam
Type - concrete gravity overflow
Length - 290 feet
Height - 30 feet (maximum)
Grout curtain - no information available

ii. Diversion and Regulating Tunnel
None exists.

i. Spillway
Type - oge e

Length of weir - 290 feet
Crest elevation - 202.1 (MSL)
Gates - none

j.  Regulating Outlets
30’s pipe
78” pipe to pump station

5
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SECTION 2 - ENGINEERING DATA )

2.1 DESIGN S

The available data relative to the dam and the
appurtenant works consist of the following:

a. One drawing entitled PLANS FOR A MASONRY DAN AT
POMPTON LAKES , N.J. dated March 18, 1918 (Figure 1 in
appendix).

b. Plans & Sections of the Intake & Pump Station by
NJWSD. -

Rainapo Force Main Pumping Station Drawings:

1) Plot, Plan, Penstock & Screen Chambers, Sheet
number P-l.

2) Pumps & Piping, Sheet number P-2.

3) Equipment Details, Sheet number P-3.

4) Engineering Structures - Penstock, Etc.,
Sheet number P-5.

5) Engineering Structures - Screen Chambers &
After Bay, Sheet number P-6.

2.2 CONSTRUCTION

The available information on construction consisted of
contract specifications and the letter dated March 20, 1918
by William L. Whitmore, Design Engineer (A copy of the letter
is in the appendix).

2.3 OPERATION

The capacity of the pump station is small in comparison
to normal river discharges and has little effect on reservoir
flood levels. Operational procedures have little effect on
the safety of the darn. (See Section l.2h). Reservoir silt
elevations were obtained from a survey by Phillips, O’Brien &
Gere , 1977.

2.4 EVALUATION

Complete data regarding design and construction of the
darn is not available. Additional information which would
permit a more comprehensive Phase I Evaluation would include
cons truc tion records , boring logs , and detailed construction
drawings.

6
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SECTION 3 - VISUAL INSPECTION

3.1 ?IND INGS

a. General. The visual inspection of the Pompton
Lakes Darn was made on January 6, 1978. At the time of thevisi t, about four to six inches of water was flowing over the
full length of the spillway.

b. Dam. Some minor cracking and spalling of the
concrete was noted. An additional inspection is recommended
when overflow is not occurring.

C. Appurtenant Structures. Undermining of the
embankment of U.S. Route 202 was noted at the east abutment.
No defects or problems were noted in the outlet struc ture or
the west side wing wall.

d. Reservoir Area. Considerable silting of the
reservoir has occurred.

e. Downstream Channel. A deep scour hole is present
about 150 feet downstream of the darn.

3.2 EVALUATION

No obvious deficiencies were observed during the Phase I
Visual Inspection. However, in the interest of public
safety, additional information should be obtained regarding
the U.S. 

- 
Route 202 embankment , the scour hole downstream of

the dam and the conditions of the concrete- in the spillway.

(
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SECTION 4 - OPERATIONAL PROCEDURES~
S 

5)

Operational procedures have been covered in Section 1.2.h.
The North Jersey District Water Supply Commission informsPolice , Civil Defense and residents when floods are imminent.
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( SECTION 5 - HYDRAULIC/HYDROLOGIC

5:1 EVALUATION OF FEATURES

a. Design Data. The following hydrologic conditions
were determine d:

1) The 500 year discharge - 30,000 cfs. This
discharge was determined by the methods described in New
Jersey Special Report *38, “Magnitude and Frequency of Floods
in New Jersey with Effects of Urbanization”, dated 1974, and
the information from the United States Geological Survey
gaging station at Mahwah, N.J. -

- - 2) - The - Probable Maximum Flood — 42,000 cfs. The S

Probable Maximum Flood (PMF) discharge was obtained from-the
United States Army Corps of Engineers, Philadelphia District.

b. Experience Data. A water stage recorder has been
in service at Pompton Lakes since October of 1921. The
maximum discharge of record was 12,300 cfs in March of 1936.
On November 8th and 9th of 1977, an estimated discharge of
11,000 cfs was recorded. Under present conditions, a
disc harge of 13,000 cfs over the spillway would result in the
flooding of U.S. Route 202 on the east end of the spi].lway.
Notes inclu ded in past records ind icate that the peak
estimated flow during the period of record prior to
cons truc tion of the presen t dam was 10,500 cfs in September
of 1882. 

- -
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SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STAB I LITY

a. Visual Observations. No structural inadequacies
were noted during the visual inspection of the dam. However,
a complete inspection was not possible due to the overflow
conditions.

b. Design and Construction Data. The spil].way shape
is defined by a series of circular curves joined at tangent
points. The curvature of the face from the crest to the point
of inflec tion (approxima tel y four feet .~below the crest)
matches closely the Vicksburg, Mississippi Waterways
Experiment Station crest shape for a design head of 1.32 feet
(from EM 1110-2-1603). Therefore, for heads in excess of
this value , the lower nappe of the overflow can be expected
to separate from the spil iway face , producing negative
pressures on the downstream face of the dam . Since the heads
of water for the 500 year flood (8.6 feet) and for the PMF
( 9.9 feet) are far greater than the design head, severe
negative pressur es and cavitation coul d resul t at these
discharges. Analysis of the effect of these negative
pressures is beyond the scope of this report and are not
included in the calculations.

c. Operating Records. Operating Records are
available only for the pumping facility. These records were
not reviewed since they would not affect the safety of the
dam.

d. Post Construction Changes. No alteration of the
spillway is known to have been made since construction. Wing
wall modifications were made on the west side wing wall in
1951.

e. Seismic Stability. The dam is located in the
Triassic Highlands of northern New Jersey and is founded on a

• fine—grained basalt of the Triassic Newark Group as described
on the Geologic Map of New Jersey, 1950 (see Figure 5 in the
appendix). The formation appears to be weathered, slightly
fractured and stained in outcrop becoming fresh and massive
at very shallow depths. Rock outcrop is evident in both
abutments and immediately downstream of the dam at mid-
stream.

Based on the original design drawings , subsequent
inspection reports and the curre nt field inspection , this
rock appears stable and appears to have resisted hydraulic,
mechanical and chemical action.

10
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Although the dam is in proximity to the Ramapo Fault,
which trends northeast-southwest, there does not appear to be
any major stress-related joints or fractures at the site.
However , recent seismic activity has been recorded along the
Rainapo Fault and consideration is given to its possible
effect on the stability of the structures in this area.

It is noted that on the Seismic Zone Map of the
Contiguous United States, the dam is located in Zone 1, but
due to the dam ’s proximity to the fault and its renewed
activity, the Zone 2 seismic coef ficient was used in the
stability analysis.

f. Evaluation. A stability analysis was performed to
investigate the structural stability of the spillway. The
results of this analysis are included in the appendix. When
analyzed as a gravi ty structure ,- under normal (full
reserv oir) condi tions , the spillway is unstable. However, in
plan vi ew, the darn is curved in a modified arch shape between
abutments and is supported at mid-stream by a massive basalt
rock outcrop; both of these conditions improve the stability
of the structure. Analysis of the effect of these factors is
not within the scope of this report.

During the PMF, the abutments on both sides of the
spiliway are overtopped. The effect of this overtopping on
the safety of the dam cannot be evalua ted without borings to
determine the elevation of the top of the rock and the
condition of the rock.

( S
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SECTION 7 - ASSESSMENT/REMEDIAL MEASURES

7.1 DAN ASSESSMENT

a. Safety. The spillway is structurally inadequate to
resist the forces produced by normal loading conditions (full
reservoir) , without inducing tension at the upstream face of
the dam. The analysis assumed the dam to be a simple gravity
structure. However, curvature of the spillway (in plan), and
support from a massive basalt outcrop improve the spillway’s
stability considerably.

A deep scour hole is reported to exist in the channel
about 150 feet downstream of the dam. This area should be
surveye d and monitored annually to determine any erosion
activity towards the dam.

b. Adequacy of Information. Adequate information is
not available for a detailed analysis of the spillway.
Additional information which would be required for a more
comprehensive evaluation would include construction records,
boring logs, and detailed construction drawings. Information
is also lacking for determination of the negative pressures
on the downstream face of the dam, for heads in excess of 1.8
feet (1.33 times the design head of 1.3 feet).

Survey data woul d be useful for determining the
elevations on the drainage divi de along the west side of the

- 
reservoir , approximately one mile north of the darn. The
minimum elevation of the divide is between 200 feet and 220
feet above Mean Sea Level (MSL). Since the computed
reservoir stage for the PMF is 212.0 feet MSL, a por tion of
the discharge could be diverted across this drainage divide
and reduce the PMF dis charge over the dam.

c. Urgency. Further evaluation of the darn is
recommended as soon as possible.

d. Additional Investigations. Additional
investigations of this dam shoul d be made to evaluate the
negative pressure s which may be pro duced on the dam at high
discharges , to estimate the effect of the darn curvature (in
plan) on the stability of the structure, and to determine if
strengthening of the dam is required. A range of discharges
should be studied to obtain the maximum effect of headwater-
tailwater differential in the stability analyses. Drilling
and sampling of the concrete dam, abutments and rock outcrop
should be included.
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7.2 REMEDIAL MEASURES

a. Alternatives. Remedial measures that could be con-
sidered for improving the stability of the darn include the
installation of post-tensioned rods or cables through the darn
and into the rock foundation or the addition of concrete- to
the downstream face of the darn. Aeration of the lower nappe
of the water flowing over the spillway is a means to prevent
the formation of negative pressures on the downstream face of
the spillway. High strength epoxy applied to the downstream
face might protect the concrete from the effects of possible
cavitation produced by negative pressures.

Sloughing of the embankment of U.S. Route 202 could be
prevented by construction of a retaining wall. The wall
could be b~i.ilt outside of the~limits of the - spiliway at the
east end of the dam to protect the -highway and to improve flow
conditions over the dam

b. O&M Maintenance & Procedures. The present
drawdown facilities are inadequate to provide a reliable
means of lowering the reservoir level. Consideration should
be given to improving drawdown facilities. Alternate means
for the improvemen t of these , facilities- are:

1) Installation of a larger bypass line to the
river from the pump station .

2) Installation of a large , gated opening in the
spillway.
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TBIS PAGE IS BZ~’I QUMIITY P Ct’IC.ABIII

7~OM ODYI y~~(I5k~~ TO ~DC

- . . Trenton , II. 3., Mar. 15, 1918 .
V ~

C I I f~~I 15 ~91~Department of Conservation and Development , 
~ep’~’~~~’t of

CPr va~.i3r. & ve!o2rr~pi~Trenton , N. J .

Gentlemen:

- - .&s representing Edward Corning, Esq. , of Viatervliet,
the owner of a certain lake and water-power at Por~~ton lakes,
Passaic County, N. 7., I respectfully request that your Depart-
ment inspect the existing concrete dam at said point with the
idea of reporting to the Mayor and Council of the Borough of
Pompton lakes as to its strength.

The reason for this request is as follows: The Bor-
ough of Pompton lakes is acquiring this water-power on a 21-
years1 lease with the privilege of purchasing. The cost, to-
gether with the necessary improvements to be made before the
water-power can be used, will be from $150,000 to ~2OO,0OO.Before the Borough takes this property over, they wish to know
that this dam is safe and within your requirements.

This darn was built about ten years ago by the F. P..
Long Co., of Hackensack, and the engineer in charge was William
I. Whittemore. The dam is of concrete construction , and is
heavily reinforced, and while everybody believes it to be of
superior construction, they want some official statement regard-
ing its strength. It is likewise made one of the conditions
of the proposed agreement between the Borough and Mr. Corning
that no changes are to be made In this dam until after they are
approved as to strength, etc., by your Department. If you

S could give this matter your early attention, it would greatly
oblige.

Very truly yours,

k\1bU~~~bAACM1JJp~ Q~~
Member of J~ semb1y for Passaic Count~
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C~V~L ENGINEER AND 5U~~V~~YON 
-

ROOMS 21 -1i 22
PATERSON SAVINGS INSTTIVTION - 

- 
- -

‘TELEPHONE 577
- 

- PATERSON.P & JS )eTarch 2~~, ~
,, 8
- ,

S ~~~~~~~~~ ~ .

F -

. , S _ - I

Department o f Con ser-vat ion & Development, . - 5 - - -.‘ - - 
-

State House,
Trenton , II. J .

Attention of Mr. H. T. Critchlovi, C. ~. 
-

Dear Sir: - 
-

Referring to the Pompton dam located in the 
-

Bor ough of Pompt on Lakes, Passaic Count y, II. 3. —-

The old wooden darn was tashed out by the flood of 1903.
The present darn ‘~vas built during the fall of 1908. The
location of the dam v:as slightly chkn~ed from the plan to
secure a better footing. It was built exactly accordin~ to
the plans and. specifications submi tted to you as to measure —
ments and mixture of cement, sand, and atone . About fitt y
tons of steel rods were distributed through the concrete
which was not included In the specifications. The dam is
built on a solid. rock botton from end to end, and. keys Into
rock at each end. It was constructed In forty six days from
the day it was started.

The work was done under the supervision of hr. lu~~.uni
and myself an~ the Superintezi~ent was an experienced. man
in c oncrete work . I think I can safely say there Is no
better structure in concrete work in the State of New Jersey.
The contractor was the F. B, Long Co. who sublet the ~~n—-tract to Schweirs & ~atton of 90 rest Street, New York.

Yours very truly,
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~~IS P0! IS BEST QUALITT AC?IC-4~~~
- - Y~~M cOp1FURNISHXD XO DDG _

~~oport on Iw3pect ion of Pornpton L~Jces Dam on$amapo 4iver at Eo~~ton Ls.k03, I~. .1.

-ronton, n.J. liar. 28,191B...

In response to a request fr~~ aonorablo :!.0. ~ershfield,member of Assembly for Passaic County, under date of March 15,
1918, for an inspection of the Tompton Lakes ~)srn on the ~ amapo
River at ~ompton Lakes, I~. J. for the purpose of r~porti~g to- the - - .liayor and. Council of the borough of Pompton Lakes as to the 

-condition and safety: - - - 

- - .

The borough of rompton Lakes propose acquiring the
water power rights to this dam, now ow-ned by ~.dward Corning,
~~~q. of ~atervl1et , ILY., on a 21 year lease with the privilege
o~ purchasing, and wishes to �now whether the structure is safe and
within the requir-~ments of this d art~ont. .n in~~-ection of thestructure was made on ~Zarch 18, 1918 by the writer , acco~~~~nied by
h~~. ~iershfle1d and ~-~ayor ~tephon ~.B. ~acoba of l ompton La~~ s. On
the same d~y a conference wa~ hold with the .~n~ineer in charge ofthe construction work, m. L. i~hItmore of r aecrs on , ~!.J. , who also
furr.tahed a set of plans and stecif~cations fo1low~d in the b~ ii.~~n~of the dam. Lr. ~.h1t~ore has a1~o f i1~d a wr i t t en  ~ tatc~~~nt under
date of IZarch 20, 1918 gIvL’i~ . certa in information re~ srding the
construction work.

~ t st Orr .— The pre~~~nt !~asOnry d~ m ~T~~s built dur i r .~ t~ c
1811 of 1908 I previous to the as ago of Act 1912 re~ u 1ating th~construction of dams In this .t ~ t~~) by the 1~udium :Jteal & iron ~o. -
to replace the wooden structur e that wa~ washed out by the floodof October, 1903. The eo.atrector was ~~~~~~~~~~~~ Long Coi~;any o f ~ia . kensac~
~LJ. , who sublot the contract to ~chweirs & sutton of 1o.90 ~est
~treot , I~ow ?ork (4ty; tbe ~iu F erintendeI11: of Coiistrcctlon was Geo.
t . Cisco of i~awthorne, 1.J.

Descrittion of tarn.-. The main dam is of concrete con—
str-uction reinforced with about 50 tons ef sto~]. rods, not i~—cludad in the arecificatione but ~~~~ uae of or account of thoir
being readily obtained fnom the old ste~1 r .orks nearb~-. ~~~oundat t ori is solid trap rock throu-hout s~d the structure ~~ -
~e~ed into this fou~ datioc from end to end. Th~ plan of the dam -
is on a str&Ight line crest for a~proximate1; the ~idd1o third., wherea rock lec q rises up dIvi~~ rig the gorge thto t-~-o channels ; while
across those a nr~ol~; the clam has a curved crest to either bank. The
total ~1on~th of the crest is about 300 ft. and the ~axtmum height -
above bed rock is about ~3C ft .  in the th C io1,rna~ ir~ the -
normal lake level about 2Z ft. above the stream Ir~mediatel~ be1o~ithe dam . The cross section of the dam I~ of the “O~eo” t -po havlnp
a wIdth of Z7 Inches one foot below t~~ crest end a maxI~ u~ ‘~tdth of
E2.~~ ft. at the base. ~t the eo~th or.d the concrete is ;~o~e~ Into
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the rook all the way up to the crest, while on the north end. the
crest Tr  t~ e~ I r to  at. old nasonry wing wall which extends across
the head of the raceway into the rook slope. - 

-

~~~~~ ~Jal1.— This wing waU ,wiiich is rart of the ori 3ii~~~~~-
etructure,contsins the gates used to regulate the flow of water: 

~~~~;~~~~~~

-

into the r~tcewey lea-ding down to the old steel mill now in ruifl3-.?~’Iil.?Se gatos are of tthber construction, leak badly, are in v e ; ~ic.a~oor condlt !on sn’~ ~~~~~ be hard to operate. The wing wall haB a-~~J-total len~tit of about 90 ft. to the r~orth bank, a un i form wt dt~-
~ f t .  ~r.d ,n avora~e heI~ht or about  10 ft. above the rock foud~~ti
~~th th~ top  olev:.t ion about 4 ft .  above tho crest of th~ ~~ in: 6a~.;ho location of the 3ates a channel about 5 ft. deep and 9~ ft~~~~~r
~-~ de has .~ eon cut Into the rock. ~hIs Is the only outlet from the
lake and p orLnits of lowering the water about 9 ft. below norms]. 1ev~In the dry season. At the corner where the main dam abuts on the 01-
so~r- thor, te a g~p about ~5 ft. long and. 1—1/2 ft. high caused

b~ the rcn~bval of t~o or three large b1ock~ of stone by the ice
- - 

-~oLn~c Out this j.sist spring. - -

~Caceway.— The raceway channel is carrie-I a1on~ the north
bank of th *e r ivor ,beL~g sup;orted on the aide to~~rd the stream bya ret~1 ning wall and enban]~~ont about ~~ O ft. 1on~ e~toad.ing from thcorner where thn dam ~ro~ or jOins the wing waliridown to the old
~iri~~ shop which fronts on the highway. This retainIng wall has a
hei~ht of about 21 ft.  above tho water level, below the dam , a top
slo~ c~t 1o~ nb~ nt 3 f t .  below t’ne top of the wing ~al1 and 3 ft. abov :
the normal ~ &~ter 1~ ve1 IL the race~sy. The contiol gates are b eat -
near the up-stre~~r~ o~~~ of the wall and ~ err~it the unwaterin13 of the
raceway. These ~ates aro of timber construction, leak considerably ,
are In very poor ~onditton and would be difficult  to operate. A
section e~

’ tb~, o1~. retainj.~ onba~~~ent about 135 ft .long was washed
ciut th~ri ~~~~~ t~~ flood of 19G3 sod was ro~ 1aced about t~ o years later
b~- a concrete wall ‘~l ft. high above the ~toottn~ of large bouldersat the w~.ter level below the dam. ~he top width is 2.~ ft. ~ Iththe outside face wtrtioal while tho Inside steps dowz. uhttl at~~ po~.9 ft.below th’i top It is 5 ft. wide and is reported. to bo that -~ Idt~to the bottom . The normal water 13vo1 in the raceway is about 3 ft.
below the top of th~ ~;afl, while the bottom of the chann~ 1 is sbou~9 to 10 f’t. b~’low the top,makin~ tho water about 6 ~o 7 ft.deep. Ti
COflCTf ~ tO t ort~~’)~ o the ret~ -ining wall- -vermits the water in the ~~~~~~~~
rr~ce~ t.y to lenk thre~ -~h #~hd issue from t~te outside face th 3ma11- :.~ ’ I
a!~r&~ms or jets. :iy r*~ter wh ich ~ay ~orcobst e down behind. t~e wal.
rust  cert i nl~; f~ iI~ f ree outlet -beneath the foot ta c~ into the 8tream

~~ oth -rw f .se the vree~ure fro:n the rater a~~ Inst the entire -insidE
face of t}-e w~11 ~oul~ have caused it to~~o out 1on~ ago. • •~~~~ : “

~

:~loo -’~ .- ~. order to ~rr~ve at the ir.axl nun w~ter pressure -
t~~~~~~~~~~~~~~~~~~~ t:.-a . 1n ~ -~a11 a study of t ’-’o flood fl owa ón . the~

~~‘e been r: .do w I t h  t~ o ~o11o~ in~ f’ r .&thps:
/

The dr~it~a~o area of the amapo ~t tho confluence wit1~.:t~c
~ompton -.Ivar is 16’).7 eou’ro Iles, while at t~e ~-o~pton Lakes ~am
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1.5 miles abo7e the mouth , t~ o ~r~ In’~~e area is 15~ .5 aqubre ‘

:~I eo. In ~elt~ie III ~f tho ~o~: ~crcoy ~co1o~ ic-~t1 ;urve~, (].ó9~ J ,
~~~~~ l~~ , It i.~ .c3t~.tO J tz:a .- o’~r in~ tz:e f1oo-~. o .  ~epte’~~er , bobZ, -th e :~a~~ po had a ~~~ i~ un di~ ch~r~ o of 10,L 4C ~t~bic foot I~er socond ,
~hi~ h Is eouiv~ 1ar~t ~o a w~ ter level tn the lak e of about 4.5 ft ..: -.

— al,ove the elevation o~ the crest of the d~~ . In the U .4.Geobo~ ical
..:urvoy ~.ater ~~~~~~ ~a~ er ~33 , ~a~ e 35, it Is st~ tod t~at durIng the
fioe-~ of iebr~i-try — ..arch , 1902 “ on the :~c~~po RIver ~t }o~ p;on .~~~

~trnaco the ht~ b st water ~aa ob’~orved at ~ ! .~~~. on Varcb 1, when~:.tt reached 6.]~. i . a’~ov~ ~~o ~~m crest”. .~.o the annual r~j: art of
the Iew ersey Geolo?Ical ..~nrvey for 1~03, F.a~as 27 and 28, it is
s~~ t~~ ti at d tr io~ the flood of ~ctober 1c~O3 “the ~azato at about
5.~ C - . .~~. o; ht .  ~~~~, ~thon the .o~ptor~ ~tee1 orks dam broke , had

a ~~~~~~~~~ of ‘I12~ cubic feet per second. ——— tindoubtedly
~~~e :—tazirium ~~~~~~~~~ wau mt-oh In e~ceas of thi3.’ This sa~e rer~rfin table V on pa~e ~7 states thet the aaxi~um d isc~;arge of the
~~~ apo dtri.n~ the flood of 13~~ ~iaa 0,731 cubic feet r•er ~ecor.d.
~~~~~~~ ~i oe~zi t~~t duri~.g a ‘.-erio d of less than 25 yearn t’-e re
~~~~~~~~ 4 floods ~hf~.t cr~us~d ~ 1~.ke ievcl of over ~ ft. above t:ecrest of the ~~~ ~c.d ~~- ~ossi’~I l it y  that c~vr iw the flood of 1903 th€
1ev?]. wor3 ti have boon b ft. nb-ave the cro~ t if th~ daM had not‘o’~e. (Thc~ crs~3t of t~.o old clam iaj of the s-~iu~ csle ’r~ tion as the

str~;ct~~r e)  There fore , in a 1~ z n ~ t i c  stre n -~tb of t~ e da~ar.d wir~~ wall a flood level L ft. atio’re t~:c cr~ st of t~ e darfl has
been considered.

Con i~ r~ .— ~~c~r-~ful ~~alo~~ of the cro~~ -aectIon of
‘

~~~
--
~~ ~~~~~~~ ‘i~~•~~ Uf I C T  tY.i tui~ ~].oo conaitioj’s e~~o~~~ ~~t ~o ~e ot  ~a~e -d’s: 1rzn.. ~1th o~ .’4 t~~~~ I Inc o~ re~ult-~ t ~-res~ur :5 is-.es witho ’- t

k~~ lin e of t~~~~ fil~ tMra ’, t~awt~ver , the rein fo± -cern~:~t and the
cIrcular trch 3ha30 across t~ e door eh ancele r~ ll ta~:e care of th i s
-~o;~ .rture from st~ i~~~ra desI~~ Thr a ~ravit~;—t -ce scct~ on. ~:o~~ vor ,
;.~ ~rc~or to ~er~ it t’.e arch ~ot 1on to be eff ~ct ve for the ~r.t~.re

~eI~ ht of the dafl, th~ damage to the corner of t~.o old ~nasor.ry ‘gall•h t fire t~e n-) rt ~ ‘On~ )~~ the da~ joins it :Thor~ld ho raj:’~Ircd. 30 that
a ~o1jd abutment ~:i1l be obt~ ir~e~.- An an.~i—sta of the section oft’~ c~ n;; ~a1l c~ tc~i~.in ~ fror~ t~-o end of ~h � o~ci rro~ or to the aorth

~- how~ t’ ~~t it -s  ui~scifo under the po~,etb lc oe~~ It~ on~ of the
~~ t or level !ri t : ~, i ik ~ ~~~~~~~~~ fli~ to ti~~ tot  o .. the ~afl (4.2 ft. -
~-~~ -“e e- ec~t ~~~~~~~~~~ 

‘t f ’ ~~uL~ drained ~1u ~ to n ;:~~~ri~~ throu~ K -
g’~tee , da~~~-~e to r: :’~Ln~ n.~ ~al1 , or ot~ cr cau~rnn . ~hIs rail 

- 

• ‘

~~~~ b— ~ r. ’.~~c -r~.t~ r t i ht , ‘~r .. r I ~ cd 1. ft. to rov.~nt over—topping-
],o~~i . .

-
~~ ttreo.~ r~tll ~Thou1ct he im~1t on the ~orn— ~ trear5

.‘~ -e ~ ,-. i ’: ~~~~~ 
- . ~ate~~~,’ o r t n t  ~ r l .  ~n — to ~- t~ ’-I~ 3 ft. of thetar  P::i ~xte’~ i!~ )~ .t ’ 3 r ~~Z~~ 0. . 5 s1o~e of ‘3 inc~1~cs ~or foot of

~~~~~ :hts ~~ i1 t~.h.~h 1.l b:~ •‘ f t .  witt e ~~~ of concrete construction
~~~~ts-~~~ kc~ - ad .tnt~ t\e led~ o rock sn;~ bonded to t~:e ~aao - ry wall
by ~ean~. of :to~ l :o~! ~. ~Zh~ section o~~ t~~c concrete rot~ inIn~ wallf o r  the ract~~~ ;~~~~ -~1 0 ~~~1~ zed , usi ~ the i~r nts ~~IVOn
above. This isil ~~ ob~~-iy of ssfe dosI~n If the rater in the
race~a~ is not allowed to riso hI~her than an elevation of ~ ft.
~~1ow the top of the wall. :-rov~otoa should be rado for ample Ovcr~flow at the control gatos to re~u 1ato this level . The rath~ n~ of th-
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wing wall 1 ft. , as su~~ested above, ~as ri th the idea of provon
ing floo~i~~ of the raceway durinc~ ht~h ~ ‘it~’r. The roceway shonic
be unwaterod and an examination msdo to dete:~I o whether there t~.free passage pnder the wall for any v~ator that ~ay ~orco1ate- down
behied it froi~ the raceway. This condit ton has evidently obti1ne~in th~ ~~st , but any gra~iua1 or sudden clo~-’~t~~ ~~ of these outle~for seopa~e water would undoubtedly Trove disastrous. - -

~oco~~on-3atIons.— In order to put the structure in saf
condit ton to t~atc*nct the flood condItions a~ act forth above an~to protect the lives and ~-ropertZ’ in the vallo7 below, as ~e].1‘-e u~rd aj-~tnst any tntorr-uption in t~e opornt~on of a rater Towcdev~lo~~ant connected with the dar2, th~ following roco ondntto~zare made:

3. — ~o~air damage in rae.onr~ corn er where north cn~ of
ds~ti ;roFer ~oine old maeonry.

2 — Construct buttress yell on down-stre~m side of ring
wall. 

- 
-

3 — ,i~aiee nfl? wall 1 ft. and stop lea~a~e by rater—iroafIn.~ up-stroam ~ace..

4 — :top los.ks in concrete rotainin.~ “iall azi~ exaz~tao
the footing and provide weep passages for 3oep-~~e vzator from the
raceway , if fou~&d neceszar~.

5 — 1~oplaca ~r~aent v;oodon oluico gatoc In win3 wall andcontrol ~ataa in raceway t~ith r.etal gates for fact11tatin~ for
rapid one—man operation.

6 — rrovlde overf1o~v at ~,ontro1 ~ato~ in raceway to
T~rovent water level rI~~ng ~ i th tu  ~ f t .  oP t~ e ton of the retetn in
wall. - -

- 

~ospeot5vel~’ ~u1v- tttod
- •. -

-
,

~r-ter Znrineer.
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INSPECTION REPORT

POMPTON DAM ON RAMA PO RIVER
DAM #22 -

Upon the request of Mr. William Yurasek, Oakland Borough Engineer,
inspection was made on August 4, 1977 at 1:00 P.M. of the existing
Pompton Lake Darn on Ramapo River in the Borough of Po~apton Lakes ,
Passaic County .

Present during the inspection were:

Mr. Sidney H. Stone Administrator , Boro. of Oakland
Mr. William Yurasek , P.E Oakland Boro. Engineer
Mr. Jack Harmen Administrator , Wayne Township
Mr. Ed Tesch Engineer , Wayne Township
Mr. J. Wiland N.J. District Water Supply Comm .
Mr. Boutros Habek Dam Section , Bureau of Flood Pla in

Management

Observation s

It was observed that the existing concrete dam appears to be in a good ,
solid condition .

The existing dam is founded on a rock bed and buttressed with an existinc
huge natural rock. There is a deep pooi downstream of the thim , but it
is formed in the rocks and it does not appear to have any effect on the
safety of the darn foundation .

Mr. Vurasek requested this inspection after h-is visit to the site on suc~a day where the flow was high in the river, and the bed was not visible.
He was aware that the above mentioned pool might have some effect on the
dam safety .

On the day when inspection took place , the f low was very low , and the bec
of the stream was very easy to see . -

All people at tie meeting agreed that the dam and its foundation appears
to be very solid.- The pool in question is at lea st 150 feet downstream -

of the dam and it is formed in natural solid rocks. Also they agreed
that any danger of failure of the dam is not visible . See attached dam
pictures for the record .

Mr- Yure~~k’-~ requ~~ t ano~her ~r -peetien -ua s ~~~~ ~e ~~~ e~ i5~~upstrea (almost one mile U.S.  Dam 22) named Hemlock weir .
The welt’ is in a oor coidition and the wall he left bank
is falling down (See P’~o 2) .  The 1 e of the welt’ where a lo~flow is supposed to be~very obv~ washed out by floods (See
Photos 2 ,3,4 ,5) . On t bank up an earn of the weir there
are few existi es which are affected by this wei . irty feet down
stre e weir there are big stones placed in the bed to a energ
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Recommenda tions

It is receommended that the Hemlock weir be repaired or replaced by ‘
another adequate structure, however, any failure to this weir might
not affect the downstream Pompton Lake Dam #22.

Boutros Habek

1$
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CHAPTER 4 - PHASE II INVESTIGATION

4.1. Purpose,, The Phase II investigation will be supplementary to Phase
I and should be conducted when the results of the Phase I investigation
indicate the need for additional in-depth studies , investigations or
analyses .

4.2. Scppe. The Phase II investigation should include all additional
studies , investigations and analyses necessary to evaluate the safe ty of
the dam . Included , as required, will be additional visual inspections,
measurements , foundation exploration and testing, materials testing,
hydraulic and hydrologic analysis and structural stability analyses .

4.3. Hydraulic and Hydrologic Analysis. Hydraulic and hydrologic
capabilities should be determined using the following criteria and pro-
cedures. Depending on the project characteristics, either the spillway
design flood peak infl~.’ or the spillway design flood hydrograph should
be the basis for dete’rmining the maximum water surface elevation and
maximum outflow. If the operation or failure of upstream water control
projects would have significant impact on peak flow or hydrograph anal..yses,
the impact should be assessed. -

4.3.1. Maximum Water Surface Based on SDF Peak m i  low. When the total
project discharge capability at maximum pool exceeds the peak inflow of
the reconmended SDF, and operational constraints would not prevent such
a release at controlled projects, a reservoir routing is not required.
The maximum discharge should be assumed equal to the peak inflow of
the spiliway design flood. Flood volume is not controlling in this
situation and surcharge storage is either absent or is significant only
to the extent that it provides the head necessary to develop the release
capability required .

4.3.1.1. Peak for 100-Year Flood. When the 100-year flood is applicable
under the provisions of Table 3 and data are available, the spiliway design
flood peak inf low may be determined by use of “A Uniform Technique for
Determining Flood Frequencies,” Water Resources Council (WRC), Hydrology
Committee, Bulletin 15, December 1967. Flow frequency information from
regional analysis is generally preferred over single station results when
available and appropriate. Rainfall-runoff techniques may be necessary
when there are inadequate runoff data available to make a reasonable
estimate of flow frequency.

4.3.1.2. Peak for P~~ or Fraction Thereof. When either the Probable
Naximum Flood peak or a fraction thereof is applicable under the provi-
sions of Table 3, the unit hydrograph - infiltration loss technique is
generally the most expeditious method of computing the spillway design
flood peak for most projects. This technique is discussed in the
following paragraph.

C ~
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4 .3.2 . Maximum Water Surface Based ori ’SDr Hydrograph. Both peak and
volume are required in this analysie, ”i,j)~e’re surcharge storage is signifi-cant, or where there is insufficient discharge capability at maximum pool
to pass the peak inflow of the SDF, considering all possible operational
constraints, a flood hydrograpa is required. When there are upstream
hazard areas that would be imperiled by fast rising reservoirs levels, SDF
hydrographs should be routed to ascertain available time for warning
and escape. Determination of probable maximum precipitation or 100-year
precipitation, whichever is applicable, and unit hydrograpbs or runoff
models will be required, followed by the determination of the P1*’ or 100-
year flood. Conservative loss rates (significantly reduced by antecedent
rainfall conditions where appropriate) should be estimated for computing -

the rainfall excess to be utilized with unit hydrogz-aphs. Rainfall values
are usually arranged with gradually ascending and descending rates with
the maximum rate late in the storm. When applicable, conservatively high
snowmelt ‘runoff rates and appropriate releases from upstream projects
should be assumed. The PMP may be obtained from National Weather
Service (NWS) publications such as Hydrometeorological Report (IIMR) 33.
Special NWS publications for particular areas should be used when avail-
able. Rainfall for the 100-year frequency flood can be obtained from the
NWS publication “Rainfall Frequency Atlas of the United States,” Technical
Paper No. 40; Atlas 2, “Precipitation Frequency Atlas of Western United
States;” or other NWS publitations. The maximum water surface elevation
and spillway design flood outflow are then determined by routing the inflow
hydrogr-aph through the reservoir surcharge storage, assuming a starting
water surface at the bottom of surcharge storage, or lower when appropriate.
For projects where the bottom of surcharge space is not distinct, or the
flood control storage space (exclusive of surcharge) is ‘appreciable, it
may be appropriate to select starting water surface elevations below the
top of the flood control storage for routings. Conservatively high
starting levels should be estimated on the basis of hydrotneteorological
conditions ‘reasonably characteristic for the region and flood release
capability of the project. Necessary adjustment of reservoir storage
capacity due to existing or future sediment or other encroachment may be
approximated when accurate determination of deposition is not practicable.

6.3.3. Acceptable Procedures. Techniques for performing hydraulic and
hydrologic analyses are generally available from publications prepared by
Federal agencies involved iii water resources development or textbooks
written by the academic conmtunity. Some of these procedures are rather
sophisticated and require expensive computational equipment and large data
banks. While results of such procedures are generally more reliable than
simplified methods, their use is generally not warranted in studies con-
nected with this program unless they can be performed quickly and inexpen-
sively. There may be situations where the more complex techniques have
to be employed t~ obtain reliable results; however, these cases will be
exceptions rather than the rule. Whenever the acceptability of procedures
is in quesEion , the advice of competent experts should be sought. Such
expertise is generally available in the Corps of Engineers, Bureau of
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Reclamation and Soil Conservation Service. Many other agencies , educa-
tional facilities and private consultants can also provide expert advice .
Regardless of where such expertise is based , the qualification of those
individuals offering to provide it should be carefully examined and
evaluated.

4.3.4. Freeboard Allowances. Guidelines on specific minimum freeboard
allowances are not considered appropriate because of the many factors
involved in such determinations . The investigator will have to assess
the critical parameters for each project and develop its minimum require-
ment. • Many projects are reasonably safe without freeboard allowance
because they are designed for overtopping, or other factors minimize
possible overtopping. Conversely, freeboard allowances of several feet
may be necessary to provide a safe condition. Parameters that should be
considered include the duration of high water levels in the ‘reservoir
during the design flood; the effective wind fetch and reservoir depth
available to support wave generation; the probability of high wind speed
occurring from a critical direction; the potential wave runup on the data
based on roughness and slope ; and the ability of the dam to resist
erosion from overtopping waves .

4.4. Stability InvestiMtions. The Phase II stability investigations
should be compatible with the guidelines of this paragraph.

4.4.1. Foundation and Material Investigations. The scope of the foundation
and materials investigation should be limited to obtaining the information
required to analyze the structural stability and to investigate any
suspected condition which would adversely affect the safety of the dam.
Such investigations may include borings to obtain concrete , embankment ,
soil foundation, and bedrock samples; testing specimens from these samples
to determine the strength and elastic parameters of the materials, including
the soft seams, joints, fault gouge and expansive clays or other critical
materials in the foundation ; determining the character of the bedrock
including joints, bedding planes, fractures, faults, voids and caverns,
and other geological irregularities; and installing instruments for
determining movements, strains, suspected excessive internal seepage
pressures, seepage gradients and uplift forces. Special investigations
may be necessary where suspect rock types such as limestone, gypsum,

• salt, basalt, claystone, shales or others are involved in foundations or
abutments in order to determine the extent of cavities, piping or other
deficiencies in the rock foundation. A concrete core drilling program
should be undertaken only when the existence of significant structural
cracks is suspected or- the general qualitative condition of the concrete
is in doubt. The tests of materials will be necessary only where such
data are lacking or are outdated .

4.4.2. Stabili~~_Assessment. Stability assessments should utilize in
situ properties of the structure and its foundation and pertinent geologic
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information . Geologic information that should be considered includes
groundwater and seepage conditions; lithology, stratigraphy, and geologic
details disclosed by borings , “as-built” records , and geologic interpre-
tation; maximum past overburden at site as deduced from geologic evidence;
bedding, folding and faulting; joints and joint systems; weathering;
slickensides , and field evidence relating to slides, faults , movements
and earthquake act ivity. Foundations may present problems where they
contain adversely oriented joints , slickensides or fissured material,
faults , seams of soft materials,, or weak layers. Such defects and excess
pore water pressures may contribute to instability. Special tes ts may
be necessary to deterinine physical proper ties of particular materials.
The results of stability analyses afford a means of evaluating the
st ructure ’s existing resistance to failure and also the effects of any
proposed modifications. Results of stability analyses should be reviewed
for compatibility with performance experience when possible.

4.4.2.1. Seismic Stability. The inertial forces for use in the conven-
tional equivalent static force method of analysis should be obtained by
multiplying the weight by the seismic coefficient and should be applied
as a horizontal force at the center of gravity of the section or element.
The seismic coefficients suggested for use with such analyses axe listed
in Figures 1 through 4. Seismic stability investigations for all high
hazard category dams located in Seismic Zone 4 and high hazard dams of
the hydraulic fill type in Zone 3 should include suitable dynamic pro-
cedures and analyses. Dynamic analyses for other dams and higher seismic
coefficients are appropriate if in the judgment of the investigating
engineer they are warranted because of proximity to active faults or
other reasons. Seismic stability investigations should utilize “state-
of-the-art” procedures involving seismological and geological studies to

- establish earthquake parameters for use in dynamic stability analyses
and, where appropriate, the dynamic testing of materials. Stability
analyses may be based upon either- time-histdry or response spectra tech-
niques. The results of dynamic analyses should be assessed on the basis
of whether or not the dam would have sufficient residual integrity to
‘retain the reservoir during and after the greatest or most adverse
earthquake which might occur near the project location. 

-

4.4.2.2. Clay Shale Foundation. Clay shale is a highly overconsolidated
• sedimentary rock comprised predominantly of clay minerals, with little

or no cementation. Foundations of clay shales require special measures
in stability investigations. Clay shales, particularly those containing
montmorillonite, may be highly susceptible to expansion and consequent
loss of strength upon unloading. The shear- strength and the resistance
to deformation of clay shales may be quite low and high pore water pres-
sures may develop under increase in load. The presence of slickensides
in clay shales Is usually an indication of low shear stength . Prediction

_ _  - 
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of field behavior of clay shales should not be based solely on results of
conventional laboratory tests since they may be misleading. The use of
peak shear strengths for clay shales in stability analyses may be uncon-
servative because of nonuniform stress distribution and possible progres-
sive failures. Thus the available shear resistance may be less than if
the peak shear strength were mobilized simultaneously along the entire
failure surface. In such cases, either greater safety factors or residual
shear strength should be used. -- - - - -

. 

- - - - - -

4.4.3. Embankment Dams.

4.4.3.1. LiQuefaction. The phenomenon of liquefaction of loose,
saturated sands and silts may occur when such materials are subjected
to shear deformation or earthquake shocks. The possibility of lique-
faction must presently be evaluated on the basis of empirical knowledge
supplemented by special laboratory tests and engineering jud gment. The
possibility of liquefaction in sands diminishes as the relative density
increases above approximately 70 percent. Hydraulic fill dams in
Seismic Zones 3 and 4 should receive particular attention since such
dams are susceptible to liquefaction under earthquake shocks.

4.4.3.2. Shear Failure. Shear failure is- one in which a portion of an
embankment or of an embankment and foundation moves by sliding or rotating
relative to the remainder of the mass. It is conventionally ‘represented
as occurring along a surface and is so assumed in stability analyses,
although shearing may occur in a zone of substantial thickness. The
circular arc or the sliding wedge method of analyzing stability, as per-
tinent, should be used. The circular arc method is generally applicable
to essentially homogeneous embanknients and to soil foundations consisting
of thick deposits of fine-grained soil containing no layers significantly
weaker than other strata in the foundation. The wedge method is generally
applicable to ‘rockf ill dams and to earth dams on foundations containing

I 

- 
weak layers. Other methods o~ analysis such as those employing complex
shear surfaces may be appropriate depending on the soil and rock in the
dam and foundation. Such methods should be in reputable usage in the
engineering profession. -

4.4.3.3. Loading Conditions. The loading conditions for which the embank-
ment structures should be investigated are (I) Sudden drawdown from spill-
way crest elevation or top of gates, (II) Partial pool, (III) Steady
state seepage from spillway crest elevation or top of gate elevation,
and (IV) Earthquake . Cases I and II apply to upstream slopes only;
Case III app lies to downstream slopes; and Case IV applies to both up-
St ream and downs tream slopes . A suusnary of suggested strengths and
safety factors are shown in Table 4. 

-
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TABLE 4

FACTORS OF SAFETY / 
-

Loading Factor of Shear // -
Case Condition Safety Stren~~~ Remarks

Sudden drawdown 1.2* Minimum coin- With in the drawdown
from spillway crest posite of R zone submerged unit
or top of gates to and S shear weights of materials
minimum drawdown strengths are used for computing
elevation. See Figure - forces resisting slid-

5. - ing and saturated
- unit weights are used

for computing forces
contributing to slid-
ing.

II Partial pool with 1,5 R+S for R~~ S Composite intermediate
assumed horizontal 2- envelope of R and S
steady seepage shear strengths. See
saturation. S for R>S Figure 6.

III Steady seepage 1.5 Same as
from spillway crest Case II
or top of gates with
KhIKv - 9 assumed**

IV Earthquake (Cases II 1.0 *** See Figures 1 through
and III with seismic 4 for Seismic Coeffi-
loading) cients.

Not applicable to embankments on clay shale foundation. Experience
has indicated special problems in determination of design shear
strengths for clay shale foundations and acceptable safety factors
should be compatible with the confidence level in shear strength
assumptions . -

I !  // Other st rength assumptions may be used if in common usage in the
engineering profession . -

* The safety factor should not be less than 1.5 when drawdown rate and
pore water pressure developed from flow nets are used in stability
analyses.

** Kb/K.,, is the ratio of horizontal to vertical permeability. A 3

minimum of 9 is suggested for use in compacted etnbankments and
alluvial sediments. 

)
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Use shear strength for case analyzed without earthquake. It is notnecessary to analyze sudden dzawdovn for earthquake loading. Shearstrength tests are classified according to the controlled drainageconditions maintained during the test. R tests are those in whichspecimen drainage is allowed during consolidation (or swelling)under initial stress conditions, but specimen drainage is not allwedduring application of shearing stresses. $ tests .11w full drain-age during initial stress application and shearing is at a slow rateso that complete specimen drainage is permitted during the c~~~l.tetest.

4.4.3.4 . Safety Factors. Safety factors for embankment dam stabilitystudies should be based on the ratio of available shear strength todeveloped shear strength, SD:

SD~~~~C + 4- tan ô (1)
F.S. P.S. -

C — cohesion -

6 — angle of internal friction

normal stress - 

-~

The factors of safety listed in Table 4 are recoumended as minimum accept-
able. Final accepted factors of safety should depend upon the degree of
confidence the investigating engineer has in the engineering data avail-
able to him. The consequences of a failure with respect to human life
and property damage are important considerations in establishing factors
of safety for specific investigations.

4.4.3.5. Seepage Failure. A critical uncontrolled under-seepage or
through seepage condition that develops during a rising pool can quickly
reduce a structure which was stable under previous conditions, to a total
structural failure. The visually confirmed seepage conditions to be
avoided are (1) the exit of the phreatic surface on the downstream slope
of the dam and (2) development of hydrostatic heads sufficient to create
in the area downstream of the dam sand boils that erode materials by the
phenomenon known as “piping” and (3) localized concentrations of seepage
along conduits or throu gh pervious zones . The darns most susceptible to
seepage problems are those built of or on pervious materials of uniform
fine particle size, with no provisions for an internal drainage zone
and/or no underseepage controls.
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4.4.3.6. Seepage Analyses. Review and modifications to original
seepage design analyses should consider conditions observed in the
field inspection and piezometer instrumentation. A seepage analysis
should consider the permeability ratios resulting from natural deposi-
tion and from compaction placement of materials with appropriate
variation between horizontal and vertical permeability. An under-
seepage analysis of the embankment should provide a critical gradient - 

-factor of safety for the maxim~ head condition of not less than 1.5in the area downstream of the embankm.nt .

F.S — j o/ i  — — Db ( ‘Y i- Yw)  (2)

H/Db 
- 

HY~ 
-

— -Critical gradient

— Design gradient 
-

- H — Uplift head at downstream toe of dam measured above
tailwater

The critical uplif t 
-

Db The thickness of the top impervious blanket at the
downstream toe of the dam

Ym — The estimated saturated unit weight of the material in the
top impervious blanket - -

— The unit weight of water -

Where a factor of safety less than 1.5 is obtained the provision of an
under-seepage control system is indicated. The factor of safety- of 1.5
is a recommended minimum and may be adjusted by the responsible engineer
based on the competence of the engineering data.

4.4.4. Concrete Dams and Appurtenant Structures.

4.4.4. 1. R~quirements for Stabi~4~y. Concrete dams and structures
appurtenant to embankment dams should be capable of resisting over-
turning, sliding and over-stressing with adequate factors of safety for
normal and maximum loading conditions.

_ _ _ _ _ _ _ _ _ _ _  
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4.4.4. 2. Loads. Loadings to be considered in stability analyses include
- the water load on the upstream face of the dam; the weight of the struc-
ture, internal hydrostatic pre8aures (uplift) within the body of the
dam, at the base of the dam and within the foundation; earth and silt
loads; ice pressure, seismic and thermal loads, and other loads as
applicable. Where tailuater or backwater exists on the downstream side
of the structure it should be considered, and assumed uplift pressures
should be compatible with drainage provisions and uplift measurements if
available. Where applicable, ice pressure should be applied to the
contact surface of the structure at normal pool elevation. A unit pres-
sure of not more than 5,000 pounds per square foot should be used.
Normally, ice thickness should not be .assutned greater than two feet.
Earthquake forces should consist of the inertial forces due to the
horizontal acceleration- of the dam itself and hydrodynamic forces
resulting from the reaction of the reservoir water against the structure.
Dynamic water pressures for use in conventional methods of analysis may
be computed by means of the “Westergaar-d Formula” using the parabolic
approximation (U.N. Westergaard, “Water Pressures on Dams During Earth-
quakes,~’ Trans., ASCE, Vol 98, 1933, pages 418-433), or similar method.

4.4.4 .3. Stresses. The analysis of concrete stresses should be based on
in situ properties of the concrete and foundation. Computed maximum com-
pressive stresses for normal operating conditions in the order of 113
or less of in situ strengths should be satisfactory. Tensile stresses
in unreinforced concrete should be acceptable only in locations where
cracks will not adversely affect the overall performance and stability
of the structure. Foundation stresses should be such as to provide
adequate safety against failure of the foundation material under all
loading conditions.

4.4.4.4. Overturning. A gravity structure should be capable of resisting
aLL overturning forces. It can be considered safe against overturniflg
if the resultant of all combinations of horizontal and vertical forces,
excluding earthquake forces, acting above any horizontal plane through
the structure or at its base is located within the middle third of the
section. When earthquake is included the resultant should fall within
the limits of-the plane or base, and foundation pressures must be accept-
able. When these requirements for- location of the resultant ire not

- satisfied the investigating engineer should assess the importance to
stability of the deviations.

4.4.4.5. Sliding. Sliding of concrete gravity structures and of abutment
and foundation rock masses for all types of concrete dams should be evaluated.
by the shear-friction resistance concept. The available sliding resis-
tance is compared with the driving force which tends to induce sliding
to arrive at a sliding stability safety factor. The investigation should
be made along all potential sliding paths. The critical path is that
plane or combination of planes which offers the least resistance.
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4.4.4.5.1. Sliding Resistance. Sliding resistance is a function of j
the unit shearing strength at no normal load (cohesion) and the angle
of friction on a potential failure surface. It is determined by
computing the maximum horizontal driving force which could be resisted
along the sliding path under investigation. The following general
formula is obtained from the principles of statics and may be
derived by resolving forces parallel and perpendicular to the sliding - 

-

plane: - 
-

RR — V tan (
~~

+oc ) + _
(I~~~~~~~~~~

_
~~~,) 

(3)

where

— Sliding Resistance (maximum horizontal driving force which can
be resisted by the critical path)

— Angle of internal friction of foundation material or, where
applicable, angle of sliding friction

V — Suimnation of vertical forces (including uplift)

c — Unit shearing strength at zero normal loading along potential
failure plane 

- -

A — Area of potential failure plane developing unit shear- strength

— Angle between inclined plane and horizontal (positive for uphill

,. 
sliding) -

For- sliding downhill the angle Oc is negative and Equation (1) becomes:

_ _ _ _ _  

*
— V tan (~~-o~ ) +  cA (4)

cos O~ (1 + tan ~ tana’ )

When the plane of investigation is horizontal, and the angle o~ is zero
and Equation (1) reduced to the following:

RR - V tan~~~+ cA (5)
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4.4.4.5.2. Downstream Resistance. When the base of a concrete structure
is embedded in rock or the potential failure plane lies below the base,
the passive resistance of the downstream layer of rock may sometimes be
utilized for- sliding resistance. Rock that may be subjected to high
velocity water scouring should not be used. The magnitude of the
downstream resistance is the lesser of (a) the shearing resistance
along the continuation of the potential sliding plane until it daylights
or (b) the resistance available from the downstream rock wedge along an
inclined plane . The theoretical resistance offered by the passive wedge
can be computed by a formula equivalent to formula (3) :

V tan (~ + o~ ) + cos~~ tan ~~tano’ y (6)

P~, — passive resistance of rock wedge -

V — weight (buoyant weight if applicable) of downstream rock wedge
- above inclined plane of resistance, plus any superimposed loads

angle of internal f riction or , if app licable , angle of sliding
friction

- 
= angle between inclined failure ~lane and horizontal

c = unit shearing strength at zero normal load along failure
plane

A — area of inclined plane of resistance -

When considering cross-bed shear through a relatively shallow, competent
rock strut , without adverse jointing or faulting, W and~,~ may be taken
at zero and 450 , respectively, and an estimate of passive wedge resis-
tance per unit width obtained by the following equation: 

-

2cD (7)

wnere - -

D Thickness of the rock strut

4.4.4 5.3.  Saf ~ ç~ Factor. The shear-friction safety factor is obtained
by dividing the resistance RR by H, the suuunation of horizontal service
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loads to be applied to the st ructure: -

Se_ f — RR (8)

When the downstream passive wedge contributes to the sliding resistance,
the shear fruction safety factor formula becomes:

S
~~ f — Rg + P p (9)

H

The above direct superimposition of passive wedge resistance is -va lid
only if shearing rigidities of the foundation components are similar-.
Also , the compr~ssive strength and buckling resistance of the downstream
rock layer must be sufficient to develop the wedge resistance. For
example, a foundation with closely spaced, near horizontal, relatively
weak seams migh t not contain sufficient buckling strength to develop
the u~agnitude of wedge resistance computed from the cross-bed shear
strength . In this case wedge resis tance should not be assumed without
resorting to special treatment (such as installing foundation anchors) .
Computed sliding safety factors approximating 3 or more for all loading
conditions without earthquake, and 1.5 including earthquake , should
indicate satisfactory stability, depending upon the reliability of the
strength parameters used in the analyses. In some cases when the results
of comprehensive foundation studies are available, smaller safety factors
may be acceptable . The selection of shear strength parameters should
be fully substantiated. The bases for any assumptions ; the results of
applicable testing, studies and investigations; and all pre-existing,
pertinent data should be reported and evaluated.

a
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